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ABSTRACT 
The purpose of this study was to get a result from the use of liquid smoke coconut shell as 
a preservative in a product of beef sausage that will increase shelf life, as well as to define the type 
of grade liquid smoke (grade I or grade II) most optimally utilized as a preservative in a product of 
beef sausage , The research consisted of two stages: a preliminary study to determine the shelf life 
of beef sausage standards based organoleptic control is 2 days at room temperature, water content 
of 71.03% and a total amount of microba is 2,04 x 103 microbial colonies / gram. The main intensive 
search conducted for estimating the shelf life of sausage with the addition of liquid smoke at a 
temperature of 200C, 250C, 300C, and 350C with the measured variable are the water content and 
total microbial count (TPC) were processed using the Arrhenius method. The results showed that 
the shelf life is based on water content of beef sausage with the liquid smoke longest grade 1 is at a 
temperature of 200C for 2.7 days while the second grade is 3.08 days, the shelf life based on the 
total number of microbes on beef sausages with liquid smoke grade 1 at a temperature of 200C for 
3.09 days and 3.12 days for grade 2. Liquid smoke  better use grade 2 to the shelf life of sausage. 
 
Keywords: Beef Sausage, Liquid Smoke, Shelf Life, Arrhenius Method 
 
I INTRODUCTION 
1.1Background 
Fresh meat as food is relatively more varied 
than with processed meats, but fresh meat is medium 
good growth for microorganisms so that classified 
material perishable food, therefore the processing of 
fresh meat into processed meat is an important 
process. The processing of meat than to extend the 
shelf life of meat, foodstuffs, but also will increase 
the nutritional value and economic value of 
processed meat products. 
The meat is processed into various types of 
processed products is the preservation effort meat 
food commodities. Besides aiming to preserve, meat 
processing is also an effort of diversification of food. 
The meat can be processed in a way cooked, fried, 
broiled, smoked, or processed into other products 
more attractive such as corned beef, sausage, jerky 
and shredded so that the meat of its processed food 
products are unique (Soeparno, 2005). 
According SNI 01-3820-1995 sausage meat 
is a food product derived from a mixture of delicate 
meat (meat containing not less than 75%) with flour 
or starch with or without the addition of seasonings 
and food additives are permitted and put into sausage 
casings. 
The sausage is one of the processed meat 
product that contains nutrients, pH, and high water 
content which is an excellent growth medium for 
microbes, so the sausage has a limited shelf life at 
room temperature (room temperature). Some 
processors sausages are often added formalin in 
order to obtain a durable sausage but this material is 
not recommended use in food because it is very 
harmful for health. 
Preservatives need special attention on the 
use of natural preservatives in food is increasing. It 
was triggered by people's fears of the negative 
impacts caused by preservatives that are harmful to 
human health such as formalin. Formalin is a 
colorless liquid with a pungent odor, irritant, and if 
swallowed can cause a burning sensation in the 
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throat and stomach. At least 30 mL of formaldehyde 
can cause death, therefore formalin should not be 
used to as a food preservative. 
Food preservative included in the group of 
food additives which are pharmacologically inert 
(effective in small quantities and not toxic). The use 
of preservatives are very spacious. Almost all 
industries use it, including the pharmaceutical, 
cosmetic and food. In the field of health and 
pharmaceuticals, the use of preservatives restricted 
type and amount. Especially for food preservatives, 
arranged through Permenkes No. 722 / Menkes / Per 
/ IX / 88. However, many irresponsible use of 
materials prohibited pengawetyang BPOM for foods 
such as formaldehyde, which is usually used in 
meatballs, tofu, fish the grounds of cost and product 
cost plasticity better and last longer. The use of 
formaldehyde can be replaced with liquid smoke, 
because the price is quite cheap and natural. 
The sausage is a frozen product which are 
generally resistant to 15 days at a temperature chiller 
<50C, lasting 90 days at a temperature freezer <-
120C, and just hold it for 6-20 hours at room 
temperature 250C (Kurniasih, 2011). 
Liquid smoke is condensation of the 
pyrolysis of wood containing a large number of 
compounds formed by the pyrolysis process of wood 
constituents such as cellulose, hemicellulose and 
lignin. The process involves pyrolysis processes, 
namely the reaction of decomposition, oxidation, 
polymerization, and condensation. Liquid smoke has 
functional properties as an antioxidant, antibacterial 
and molders color and distinctive taste. The 
functional properties associated with the 
components contained in the liquid smoke. Liquid 
smoke has the ability to preserve foodstuffs for their 
acidic compounds, phenol derivatives, and carbonyl 
(Darmadji, 1995). 
 Liquid smoke used is liquid smoke derived 
from coconut shells. Liquid smoke coconut shell is 
condensation of smoke coconut shell through the 
pyrolysis process at a temperature of around 4000C. 
Liquid smoke contains various chemical 
components such as phenols, aldehydes, ketones, 
organic acids, alcohols and esters (Budijianto et al, 
2008). Various chemical components that can act as 
an antioxidant and antimicrobial effects as well as 
effects of color and distinctive flavor of smoked food 
products (Karseno, 2002). 
The advantages of using liquid smoke 
according Maga (1988) in Ayudiarti and Sari (2010), 
among others, more intensively in the provision of 
flavors, control loss of flavor more easily, can be 
applied to various types of foodstuffs in various 
ways such as spraying, dipping, or blended directly 
in foods. 
The results of safety testing liquid smoke 
coconut shell according Budijanto et al, (2008) state 
liquid smoke coconut shell categorized as materials 
that are not toxic and safe to use for food products, 
this result is supported by the identification of the 
components of liquid smoke coconut shell was not 
found compounds Policyclyc Aromatic 
hydrocarbons ( PAH) and benzo [a] pyren 
carcinogenic. 
The author based the above interested in 
conducting research on liquid smoke coconut shell 
as a preservative against beef sausage products that 
can increase shelf life, by calculating the shelf life of 
beef sausage products Arrhenius method. 
 
1.2 Identification of Problems 
Based on the background outlined above, 
the problem that can be identified are how the use of 
liquid smoke coconut shell between grade I and 
grade II for shelf life of beef sausage with Arrhenius 
method? 
 
1.3 Purpose and Objective of Research 
The purpose of this research was to 
determine the use of liquid smoke coconut shell 
grade I and grade II on the shelf life of beef sausage 
products. 
The purpose of this research was to 
establish the type of liquid smoke grade (grade I or 
grade II) most optimally utilized as preservative in 
beef sausage products. 
1.4 Benefts of Research  
Benefits from this research: 
1. Determine the influence of the use of liquid 
smoke coconut shell on the shelf life of beef 
sausage. 
2. Knowing liquid smoke grade I or grade II 
is the most optimal preserving of beef sausage 
products. 
1.5 Frameworks 
 Liquid smoke is a result of condensation of 
steam distillation or combustion products indirectly 
or directly from a material containing carbon and 
other compounds (Yunus, 2011) 
Liquid smoke contains components that are 
bakteristatis and bactericidal which can act as a 
preservative. Compounds that very act as 
antimicrobials are phenolic compounds and acetic 
acid, and its role is increasing when the two 
compounds exist together in one component 
(Darmadji, 1995). 
Liquid smoke is vaporized compounds 
simultaneously from the reactor heat through 
pyrolysis technique and condenses on the liquid 
pendingin.Asap system created through several 
stages of the pyrolysis, condensation, and redestilasi. 
The quality, composition, and the components 
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contained in the liquid smoke is influenced by the 
type of raw materials used. The main components in 
the liquid smoke consists of acid, phenol derivatives, 
and carbonyl. The chemical elements can take the 
role of flavor (aroma), color forming, antibacterial 
and antioxidant. Liquid smoke can be used as a 
preservative for antibacterial and antioxidant 
properties. Phenolic compounds and acetic acid in 
liquid smoke can inhibit the growth of bacteria 
Pseudomonas fluorescence, Bacillus subtilis, 
Escherichia coli, and Staphylococcus aureus. Phenol 
compounds can also function as an antioxidant by 
stabilizing free radicals. Liquid smoke provides a 
specific scent and color quality are better on smoked 
products. Application of liquid smoke can be utilized 
in curing eel, fish, or processed fish steak (Ayudiarti 
and Sari, 2010). 
The results of the study Budjianto et al 
(2008), showed that the compounds Policyclyc 
aromatic hydrocarbons (PAH), including benzo [a] 
pyrene was not found in liquid smoke coconut shell. 
The absence of PAH compounds in the liquid smoke 
is because the compound has not been formed in the 
combustion process of coconut shell performed at 
temperatures below 400oC. In general, liquid smoke 
coconut shell can be used as an alternative 
preservatives are safe for consumption, and provide 
sensory characteristics such as aroma, color and 
distinctive flavor in food products. 
Liquid smoke is now widely used by the 
food industry as a preservative, flavor concentrates, 
texture and distinctive flavor in food products such 
as meat, fish, and cheese. 
According to Aisha et al, (2013) the use of 
liquid smoke coconut shell with a concentration of 
0.25 to 6.0% is able to inhibit the growth of fungal 
colonies gloeosproides Colletotrichum and 
Fusarium oxysporum. 
The results of the study Rasydta et al (2013) 
mention the fish soaked in liquid smoke coconut 
shell at a concentration of 2% for 20 minutes can last 
up to 3 days at room temperature. 
Gumanti (2006) in Budijianto et al (2008) 
reported that wet noodles mixed with liquid smoke 
coconut shell concentration of 0.09% in the dough 
can be preserved up to 2 days at room temperature. 
Merpati research results et al (2013) 
mentions that the beef meatballs soaked in liquid 
smoke coconut shell with a concentration of 10% can 
improve the sensory quality of the meatballs and 
storage time until the 3rd week is still acceptable 
based on the value of DBP (power breaking 
meatball). 
According Ernawati (2015) African catfish 
fish sausage the treated liquid smoke coconut shell 
with a concentration of 20% and a 30-minute 
soaking time has a structure more evenly emulsion 
with small globules and finer than the sausage 
without commercial liquid smoke and sausage. 
Liquid smoke based information about the 
benefits and use, liquid smoke coconut shell has the 
potential to become an alternative preservative, in 
addition to improving the texture, aroma and 
distinctive flavor in food products. Authors 
interested in utilizing liquid smoke coconut shell as 
a natural preservative in beef sausage products. 
 
1.6 Hypothesized of Research 
Based on the framework described above, it can 
be hypothesized that liquid smoke coconut shell 
could be expected to extend the shelf life of beef 
sausage products. 
 
1.7 Place and Time Research 
 The place used for this research is in the 
Research Laboratory of the Department of Food 
Technology, Faculty of Engineering, University of 
Pasundan, Bandung, Jl. Dr. Setiabudhi No. 193. The 
research was scheduled to take place in May 2016 
till complete. 
 
II METHODS OF RESEARCH 
2.1 Materials and Devices Research 
2.1.1 Materials 
The materials used in the manufacture of 
sausages are beef cattle section inside from market 
Cibogo Bandung, liquid smoke coconut shell 
derived from Yogyakarta Madaniah shop, ice cubes, 
tapioca, egg whites, STPP, vegetable oils, seasoning, 
and collagen casings (cowhide) edible obtained from 
CV. Casingsosis, Subang. 
The materials used in chemical analysis 
(moisture, fat, protein, and carbohydrates) and 
microbiology (TPC) of beef sausage is distilled, 
Potatoes Dextrose Agar (PDA), sterile water, salt 
kjeldahl, Na2S2O3 0.1 N, H2SO4, NaOH 30%, 
granular Zn, 0.1 N HCl, phenopthalein, 0.1 N NaOH, 
2.5% NaOH, NH4OH 6 N, N-hexane, luff's solution, 
Na2S2O3 0.1 N, H2SO4, starch, HCl 9 , 5 Nlarutan 
Schrool Luff, NaOH, 9N HCl, H2SO4, Na2S2O3, 
KIO3, and 70% alcohol. 
2.1.2 Devices  
The tools were used in this research are a 
food processor, injection filler boiling pans, knives, 
basins, scales, and 100mL measuring cups, funnels, 
pipettes, and a flask of 20ml. 
The tools  were used in chemical analysis is 
the watch glass, oven, eksikator, mortal and pestle, 
pumpkin kjedhal, soxhlet and digital scales. The 
tools used in microbiological analysis are 
erlenmeyer, 10ml measure pipette, test tube rack, 
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Bunsen, incubators, tissue, and test tubes. The tools 
used in the organoleptic analysis is sample plate. 
2.2 Methods f Research 
2.2.1 Draft Treatment 
The design of the treatment in the main 
research is determining the shelf life of beef sausage 
by 
analyzing responses to the effects of chemical and 
microbiological storage temperature and type of 
liquid smoke coconut shell (grade I or grade II) were 
stored for 10 days at different temperatures are 20˚C, 
25 ˚C, 30C and 35˚C and calculation estimating the 
shelf life of beef sausage products with the addition 
of liquid smoke by Arrhenius method. 
2.2.2 Experimental design 
 The experimental design to be used in the 
research is looking for long storage of beef sausage 
that has been mixed liquid smoke coconut shell, then 
analyze the chemical and microbiological response. 
Once that is done the calculations using the 
Arrhenius method. Here's an example of a table 
results of chemical analysis and microbiological beef 
sausage products that are mixed coconut shell liquid 
smoke can be seen in Table 1 and Table 2. 
The results of the observations in these 
trials will then be processed to determine the shelf 
life of beef sausage with the addition of liquid smoke 
grade 1 and grade 2 using the Arrhenius method, so 
that can know the implications of the use of liquid 
smoke to the shelf life of beef sausage. 
Table 1. Analysis Result 
 
The results of the data in the table later in the form of 
curves that plot would be obtained linear regression. 
 
The linear regression equation: 
 
Y= a + bx 
 
so for storage at a temperature of 20˚C, 25˚C, 
35˚C 30C and the regression equation are:  
T 20˚C          : y= a + bx(k=b) 
 T 25˚C         : y= a + bx (k=b) 
 T  30˚C        : y= a + bx (k=b) 
 T  35˚C        : y= a + bx (k=b) 
The use of linear regression will 
gain coefficient of determination (r). Each 
value b obtained is a constant deterioration 
(k) each storage temperature. Further, if the k 
values applied in Arrhenius formula: 
  
because ln ko and -E / RT is a constant 
number, the equation can be written as follows: 
ln k = A + B. 1/T 
Therefore, when each value of k and 1 / T 
is plotted on a graph, you will get the following 
picture:
 
Picture 1. Graph 1/t with Lnk 
Thus obtained the value E and values ko, is 
as follows: 
                    -E/R = B 
                    ln ko = A 
 
The amount of degradation (k), then calculated shelf 
life Arrhenius equation is used the following 
formula: 
Where:  
k = constant degradation 
ko = constant (not depending on the temperature) 
E = energy of activation 
T = absolute temperature (K) 
R = the gas constant (1.986 cal / mol) 
If already obtained the above model, continued 
counting period expired (ts) from experiments on 
several kinds of temperatures, it can then be graphed 
ln ts to the storage temperature. 
Slope B
T
ln ts
     
 
Figure 2. Graph relationship expiry date with storage 
temperature. 
k = ko e
-E/RT   
or 
ln k = ln ko 
-E/RT
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With simple linear regression slope value will be to 
B, then the product shelf-life when stored at other 
temperatures can be estimated using the formula: 
  ts= to. e
-BT    
 
where:     
T = storage temperature (K / OC) 
to = expiry if the food is stored at a temperature of 0 
(K / OC) 
ts = shelf-life of foods, if stored at a temperature T 
B = slope (which amount is calculated from the 
graph ln vs ts) 
Table 2. Draft Analysis 3 (Proximate) 
Analysis  
Beef Sausage 
Control  
Grade 
I 
Grade 
II 
Protein       
Fat       
Carbohydrate       
Moisture    
Analysis of proteins used the Kjeldahl 
method, the purpose of the analysis of proteins to 
control beef sausage, beef sausage with the addition 
of liquid smoke Grade1 and beef sausages with 
liquid smoke addition of grade 2 to determine the 
effect of liquid smoke to the protein content of the 
product. 
Analysis of carbohydrate used method 
Schrools Luff, the purpose of the analysis of 
carbohydrates to control beef sausage, beef sausage 
with the addition of liquid smoke Grade1 and beef 
sausages with liquid smoke addition of grade 2 to 
determine the effect of liquid smoke to the 
carbohydrate content of the product. 
Analysis of fat used using soxhlet method, 
the purpose of the analysis of fat to control beef 
sausage, beef sausage with the addition of liquid 
smoke Grade1 and beef sausages with liquid smoke 
addition of grade 2 to determine the effect of liquid 
smoke to the fat content of the product. 
Analysis of moisture content using the 
gravimetric method is used, the purpose of the 
analysis of water content to control beef sausage, 
beef sausage with the addition of liquid smoke 
Grade1 and beef sausages with liquid smoke 
addition of grade 2 to determine the effect of liquid 
smoke on the water content of the product. 
2.2.3 Draft Analysis 
Analysis on beef sausages are estimating 
the shelf life by Arrhenius approach, so that the shelf 
life of the calculation constants obtained degradation 
(k) and the expiry time (ts). 
2.2.4 Draft Response 
The response will be made in the research include: 
3.2.4.1 Chimical 
  A chemical analysis conducted in major 
studies of beef sausage products that perform 
analysis of water content Gravimetry method, 
protein analysis with Kjehdall methods, analysis 
methods Soxhlet fat, and carbohydrate analysis 
methods Luff Schrools. 
2.2.4.2 Microbiology 
Microbiological analysis carried out on the 
major studies of beef sausage that is determining the 
total number of microbes Total Plate Count (TPC). 
2.2.4.3 Organoleptic 
 Organoleptic response made to the color, 
odor, and the presence of mucus. Tests conducted by 
the hedonic quality test aims to determine the 
sensory quality of beef sausage products during 
storage. 
 
III RESULT AND DISCUSSSION 
3.1 Primeraly Research 
The preliminary research was conducted in 
order to know the reference standard shelf life of 
beef sausage without liquid smoke (control) is still 
suitable for consumption as a standard shelf life in 
primary research. Smoked beef sausage without 
liquid (control) will be stored at room temperature 
and testing the organoleptic attributes of flavor, 
odor, color, and texture. Organolpetic testing done 
by hedonic test with 30 panelists, in which the 
highest value is the value that is most preferred by 
the panelists. Hedonic testing done until panelists 
refused, when panelist refuse, then do chemical 
testing (moisture), and the testing TPC. The test 
results of water content and TPC will be used as a 
reference in the main research. 
Results of organoleptic observations on 
beef sausages using hedonic test with the attributes 
of flavor, aroma, color, and texture (mucus) got the 
result that the panelists as many as 30 people have 
been refused on the 2nd day of storage. 
Beef sausage (control) that has been 
conducted organoleptic tests (hedonic test) it can be 
concluded that the panelists rejected the product on 
the 2nd day, further testing and testing the water 
content TPC beef sausage that will be used as a 
reference standard. The test results of water content 
and storage TPC beef sausage on the 2nd day can be 
seen in Table 3. 
Table 3. Data Analysis and Total Microbial Water 
Content  
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Table 3, it can be concluded that the 
maximum standard of water content in the beef 
sausage is 71.03% and the total maximum standard 
microbial beef sausage is 2.04 x 103koloni / gram. 
These results will then be used as a standard in the 
main research.. 
3.2 Main Research 
 The main research aims to predict the shelf 
life of beef sausage and beef sausage control with the 
addition of liquid smoke liquid smoke grade 1 and 
grade 2. The analysis is to calculate the total number 
of microbes, calculate the water content, and hedonic 
quality test. The next step is to apply the Arrhenius 
formula to get the shelf life of beef sausage products. 
3.2.1 Determination of Reaction Order 
 Beef sausage control samples stored at four 
temperatures: 200C, 250C, 300C, and 350C then be 
observed every other day until day 10. The water 
content value obtained will be used to determine the 
order of the reaction. Determination of the reaction 
order is based on the value of R2. The observation of 
the value of the water content of each order can be 
seen in Table 4. 
 
 
 
Table 4. The results of the analysis of the 
determination of the reaction order 
 
Based on the above table it can be concluded that the 
first order of R2 is greater than R1 order 1, so that the 
order used is order 1. 
3.2.2 Determination of Shelf Life based on Water 
Content 
 Water content is the percentage of water 
content of a food, the water content is very important 
in determining the durability of foodstuffs because it 
affects the physical properties, chemical changes, 
enzymatic, and microorganisms (Buckle et al, 2010). 
Determination of water content of beef 
sausage conducted using gravimetric methods. The 
water content control beef sausage, beef sausage 
with the addition of liquid smoke grade 1 and grade 
2 were stored at a temperature of 200C, 250C, 300C, 
and 350C then observed on days 0, -2, -4, -6, -8. The 
results of the analysis of water content of beef 
sausage can be seen in Table 5. 
Table 5. Water Content Analysis Results Sausage 
Beef During Storage 
 
The results showed that there was an 
increase in water content with increasing storage 
time and storage temperature, then from the above 
data using linear regression techniques can be 
obtained koefiseien regression equation and the 
value of determination (r). 
Figure 3. Beef Sausage curve Moisture Control 
During Storage 
 
Figure 4. Moisture curve Sausage Beef With Liquid 
Smoke Grade 2 During Storage 
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Figure 5. Moisture curve Sausage Beef With Liquid 
Smoke Grade 1 During Storage 
Figure 3, Figure 4 and Figure 5 graph shows 
that the value of b is positive and any rise in value 
also increased storage temperature. This shows the 
rate of moisture content increased during storage, in 
addition to the difference in the value of b at each 
temperature difference indicates the higher 
temperature has a slope or a high slope value. 
Results of the linear regression equation 
above, then can get value lnk (Table 6) which would 
then be plotted with a value of 1 / T into a graph. 
Graph relationship lnk and 1 / T can be seen in Figure 
6, 7, 8. 
The correlation coefficient r is a measure of  The 
linear regression relationship between two variables 
X and Y to measure the extent of the dots huddled 
around a straight line regression (Arpah, 2001). 
 
Table 6. The result of the calculation of the value lnk 
(moisture) 
Sausage T(K) 1/T k lnk 
Control 
293 0,0034130 0,0209 
-
3,8680 
298 0,0033557 0,0217 
-
3,8304 
303 0,0033003 0,0225 
-
3,7942 
308 0,0032468 0,0250 
-
3,6889 
Grade 2 
293 0,0034130 0,0211 
-
3,8585 
298 0,0033557 0,0217 
-
3,8304 
303 0,0033003 0,0229 
-
3,7766 
308 0,0032468 0,0244 
-
3,7132 
Grade 1 
293 0,0034130 0,0105 
-
4,5564 
298 0,0033557 0,0106 
-
4,5469 
303 0,0033003 0,0112 
-
4,4918 
308 0,0032468 0,0120 
-
4,4228 
 
 
Figure 6. Relationship Between lnk graph with 1 / T 
(Moisture) On Beef Sausage Control 
 
 
Figure 7. Relationship Between lnk graph with 1 / T 
(Moisture) on Beef Sausage with Liquid Smoke 
Grade 2 
 
Figure 8. Relationship Between lnk graph with 1 / T 
(Moisture) on Beef Sausage with Liquid Smoke 
Grade 1 
Based on the graph lnk and 1 / T obtained constant 
degradation (k) beef sausages using the following 
formula: 
k= k0 . e-E/R.T 
Regression coefficient b values generated 
from each graph lnk versus 1 / T is negative, which 
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indicates a decrease in water content lnk by a 
temperature rise of 1 / T. Values of a, b, and r is then 
used to determine the rate constant deterioration. 
Any deterioration in parameters of water content 
following the first order which will then obtain shelf 
life (ts) beef sausages using the formula: 
ln
𝐶𝑜/𝐶𝑡
𝑘
 
 
 
 
 
 
 
 
 
 
Table 7. The result of the calculation of the value of 
k and ts (water content) of beef sausage 
 
Table 7 it can be seen the decline in the quality of 
water content and temperature of each different 
treatment. Constant rate of degradation at 20oC 
temperature lower than the temperature of 25oC, 
25oC temperature less than 30 ° C and 30 ° C lower 
than at 35 ° C. This shows that the shelf life of beef 
sausage will be more resistant if stored at a lower 
temperature condition, the higher the temperature, 
the rate of deterioration konstantan higher water 
content resulted beef sausage sooner damaged. 
Table 7 looks, that the shelf life control beef sausage, 
beef sausage grade 1, grade 2 beef sausage 
increasing shelf life. Increased shelf life can occur 
because of the inhibition of the growth of 
microorganisms on the sausage by liquid smoke is 
added to beef sausage. The compounds in the liquid 
smoke that inhibit damage beef sausage products 
include phenol acts as an antioxidant and anti-
microbial, and acidic compounds such as acetic acid, 
propionic acid, and butyric acid which acts as an 
anti-bacterial agent. 
The increase in moisture content of materials is not 
only influenced by the differences in temperature, 
but the difference in storage time and their nutrient 
content in the product can cause microbes perform 
activities such as metabolism. Results of metabolism 
by microorganisms can produce water, so the water 
content in the product increases. 
The water content in food affects the durability of 
foodstuffs against microbial attack, which is 
expressed in aw. Aw is strongly influenced by the 
water content of foodstuffs (Cahyadi, 2010). 
3.2.3 Shelf Life Determination Based on Total 
Microbial 
Determination of the total number of microbes of 
beef sausage is done using Total Plate Count. The 
total number of microbial control beef sausage, beef 
sausage with the addition of liquid smoke grade 1 
and grade 2 were stored at a temperature of 200C, 
250C, 300C, and 350C then observed on days 0, -2, -
4, -6, -8 can be seen in Table 8. 
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Table 8. Number of total microbial beef sausage 
during storage 
 
The results show there is an increase in the total 
number of microbes along with increasing storage 
time and storage temperature. The increase in the 
total number of microbes due to differences in 
temperature during storage. The next of the above 
data using linear regression techniques can be 
obtained koefiseien regression equation and the 
value of determination (r).
 
Figure 9. Curve Total Microbial Control Beef 
Sausage 
 
Figure 10. Total Microbial curve Beef Sausage with 
Liquid Smoke Grade 2
 
Figure 11. The total number of microbes curve beef 
sausage with liquid pasap grade 1 
Figure 9, 10, 11 graphs show that the value 
of b is positive and any rise in value also increased 
storage temperature. This shows the increased rate of 
microbial growth during storage at each storage 
temperature, in addition to the difference in the value 
of b at each temperature difference indicates the 
higher temperature has a slope or a high slope value. 
Linear equation above, can be obtained lnk 
values (Table 9) which would then be plotted with a 
value of 1 / T into a graph. Graph relationship lnk 
and 1 / T can be seen in Figure 12, 13, 14. 
Regression coefficient or the value b of the 
graph lnk versus 1 / T produces a negative b values 
indicate a decrease lnk by a temperature rise of 1 / T. 
Values of a, b and r are used to determine the rate 
constant of degradation where b as (E / R). 
 
 
 
 
 
 
 
 
 
Table 9. Results lnk value calculation (the total 
number of microbes) of beef sausage
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Figure 12. Graph Relationship Between lnk with 1 / 
T (Total Microbial) on Beef Sausage Grade Liquid 
Smoke Control
 
Figure 13. Graph Relationship Between lnk with 1 / 
T (Total Microbial) on Beef Sausage oke Grade 2
 
Figure 14. Graph Relationship Between lnk with 1 / 
T (Total Microbial) on Beef Sausage with Liquid 
Smoke Grade 1 
Based on the graph lnk and 1 / T obtained 
constant degradation (k) beef sausages using the 
following formula: 
k= k0 . e-E/R.T 
Regression coefficient b values generated 
from each graph lnk versus 1 / T indicates a negative 
value indicating a decrease lnk by a temperature rise 
of 1 / T. Values of a, b, and r is then used to 
determine the rate constant deterioration. Any 
deterioration in parameters of the total number of 
microbes follows first order which will then obtain 
shelf life (ts) beef sausages using the formula: 
ln
𝐶𝑜/𝐶𝑡
𝑘
 
 
 Table 10. Results of Value Calculation k and ts 
(Total Microbial) Beef Sausage 
 
Table 10 that the shelf life control beef 
sausage, beef sausage grade 1, grade 2 beef sausage 
increasing shelf life. Increased shelf life can occur 
because of the inhibition of the growth of 
microorganisms on the sausage by liquid smoke is 
added to beef sausage. The compounds in the liquid 
smoke that inhibit damage beef sausage products 
include phenol acts as an antioxidant and anti-
microbial, and acidic compounds such as acetic acid, 
propionic acid, and butyric acid which acts as an 
anti-bacterial agent. 
Factors microbiology has a very important 
role in the assessment of the quality of food products 
because in some type of food product rapidly 
degraded. Powered by Pelezar (2005) which states 
that most food is a good medium for microbial 
growth. Similarly, the storage temperature and 
different ways. Temperature is the external factor for 
the growth of microbes for each microbe has a 
minimum temperature, maximum temperature and 
temperature opitimum different. According to 
Hariyadi (2014), extreme temperatures or abnormal 
would accelerate the decline in the quality of the 
product and is often identified as the testing 
temperature shelf life of the product. The growth of 
microorganisms is affected by temperature. Based 
on activity area temperature, microorganisms can be 
divided into three main groups, namely:  
Table 11. Regional Activities Temperature 
Temperature Microbial Growth 
 
(Fardiaz,199). 
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Each of these microorganisms have 
optimum and maximum temperatures for growth, 
this is below the optimum temperature and 
maximum temperature above microorganism 
activity will be stopped even at temperatures too 
high microorganism will die. The storage 
temperature of the food is very big influence on the 
types of microorganisms that can grow along with 
the growth rate (Fardiaz, 1992). 
Temperatures used in the testing of beef 
sausage is 200C, 250C, 300C and 350C which 
according Fardiaz (1992) Bacteria Leuconostoc, 
molds and yeasts are generally included in the group 
mesophil, which grow well in foods stored at room 
temperature, the growth of microorganisms occurs at 
a temperature range of 300C and speed the growth 
of microorganisms increases slowly as the 
temperature increases until it reaches the maximum 
growth rate and growth rate above the maximum 
temperature decreases as the temperature increases. 
Leuconostoc bacteria is a bacteria that can grow at a 
temperature of 150C - 450C with optimum growth 
temperature of 200C - 300C. So the beef sausages 
stored at these temperatures is possible can be 
damaged by the bacteria.According Fardiaz (1992) 
besides damaged by bacteria, can also be damaged 
by molds and yeasts. The growth of the mycelium of 
fungi characterized by the formation can take place 
quickly. This is the type of fungus causing 
microorganisms more visible or dominant of yeasts 
and bacteria. Fungus generally aerobic, that 
microorganisms need oxygen, the availability of 
oxygen permeability of packaging materials derived 
from the oksigendan empty space in the container 
containing air bubbles. 
According Labuza (1982), the factors that 
influences the shelf life include: (a) the type and 
characteristics of the food product. Products which 
undergoes treatment will be more durable than fresh 
produce. Products containing potentially 
experiencing fat rancidity, while products containing 
sugar dang protein could potentially undergo 
Maillard reaction (brown); (B) the type and 
characteristics of the packaging material, the 
intensity of light (UV) cause rancidity and color 
degradation. 
Increasing the number of microbes on each 
storage temperature, due to several factors, among 
others; (1) the availability of adequate nutrition, (2) 
a water activity (Aw) for microbial growth medium, 
(3) the size of the packaging or pH and (4) 
Temperature (Yudhabuntara, 2003). 
Another factor influencing the decline in 
the quality of food products is a microbial content, in 
addition to affecting the quality of food products, 
also specify the security prouk consumed. Microbial 
growth in food products is influenced by several 
factors such as acidity (pH), water activity (aw), 
nutrient content and storage temperature 
 (Arpah, 2001). 
3.2.3 Test Result Organoleptic of Beef Sausage 
Organoleptic tests were conducted on primary 
research using hedonic quality test conducted at 30 
panelists. Tests performed on days 0, -2, -4, -6, -8. 
Attributes are used that color, aroma, and texture. 
The test is conducted in order to determine 
consumers' assessment of beef sausage products 
during storage, where the smaller the value 
generated means the product is increasingly disuakai 
by consumers. 
1. The attributes of the typical color of beef 
sausage 
Color is the first indicator that is seen by the 
consumer to distinguish the quality of a product 
because the color would attract the attention of 
consumers when the consumer would buy the 
product. Determining the quality of a foodstuff can 
be made directly to consider the color of the food 
material. Colors on food is a result of internal and 
external factors which could affect the treatment 
before and after harvest. Factors included the 
packaging material, light, processing, pigments and 
dyes are added, as well as the physical characteristics 
that affect the brightness and the turbidity foodstuffs. 
The changes that occur are influenced by the 
characteristics of the transmission and packaging 
used, changes in temperature, light and air from the 
environment interact with the material. 
The hedonic quality test that uses a scale of 1 to 
6, where the greater scale of the assessment of the 
color attributes typical panelist beef sausage mean 
more preferred by the panelists. The results of the 
average value of the hedonic quality test with 30 
panelists can be seen in Table 12. 
 
Table 12. Average Organolpetic Attributes Color 
Test on Sausage Beef
 
 Based on the average value of the above can 
be graphed in which a decline in quality according to 
panelists at each temperature and sausages. Storage 
does not affect the color of beef sausage 
significantly. Colors used in beef sausage beef 
Hana Nurulan Asri (12.320.368) 
Aplikasi Asap Cair Tempurung Kelapa Terhadap Umur Simpan Sosis Sapi 
 
 
 
sausage typical color matches the color of the beef. 
Storage time for observation at a given temperature 
does not change the original color of the beef sausage 
in store. 
 
 
Figure 15. Graph Color on Beef Sausage Control 
During Storage 
Figure 15 above it can be concluded that the 
preference level panelists on samples of beef sausage 
control of color attributes typical beef sausage 
decreased with increasing days of storage. This 
decrease is due panelists began to refuse or do not 
like beef sausage products. Lowest Rate that is on 
the 8th day 30 ° C with an average value of 2.6.
 
Figure 16. Graph Color On Beef Sausages with 
addition of Liquid Smoke Grade 2 During Storage 
Figure 16 above it can be concluded that the 
preference level panelists on samples of beef sausage 
with the addition of liquid smoke to the grade 2 color 
attributes typical beef sausage decreased with 
increasing days of storage. This decrease is due 
panelists began to refuse or do not like beef sausage 
products. Lowest Rate that is on the 8th day 35 ° C 
with an average value of 2.9. 
 
 
Figure 17. Graph Color On Beef Sausages with 
addition of Liquid Smoke Grade 1 During Storage 
Figure 17 above it can be concluded that the 
preference level panelists on samples of beef sausage 
with the addition of liquid smoke grade 1 to the color 
attributes typical beef sausage decreased with 
increasing days of storage. This decrease is due 
panelists began to refuse or do not like beef sausage 
products. Lowest Rate that is on the 8th day 35 ° C 
with an average value of 2.77. 
2. Attribute distinctive aroma of beef sausage 
The aroma is a quality trait that is important 
to note in the organoleptic assessment of foodstuffs, 
because the smell is a very influential factor in 
consumer acceptance of a product without having to 
see the product. Test aroma is very important 
because it can quickly provide assessments 
consumer acceptance of the resulting production. 
Test aroma is one of the important test done in the 
food industry to see whether the product produced 
liked or disliked (Soekarto, 1985). 
 Aroma (smell) may be generated due to the 
volatile compounds (volatile) in foodstuffs and will 
be carried by the air and into the nasal cavity (Fever, 
1997). 
The hedonic quality tests using a scale of 1 
to 6, where the greater scale of the assessment panel 
of the distinctive aroma of beef sausage attributes 
mean more preferred by the panelists, on the 
contrary the smallest value means not disuaki by the 
panelists. The results of the average value of the 
hedonic quality test with 30 panelists can be seen in 
Table 23. 
Table 13. Average Appearance Odor Test on 
Sausage Beef During Storage
 
Based on the average value of the above can 
be graphed in which a decline in quality according to 
panelists at each temperature and the type of 
sausage. 
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Figure 18. Graph Odor on Beef Sausage Control 
During Storage 
Figure 18 above it can be concluded that the 
preference level panelists on samples of beef sausage 
aroma control with the typical attributes of beef 
sausage decreased with increasing days of storage. 
This decrease is due panelists began to refuse or do 
not like the sausage products sapi.penurunan 
significant happened on the 4th day of storage.  
 
Figure 19. Graph Odor on Beef Sausages with 
addition of Liquid Smoke Grade 2 During Storage 
Figure 19 above it can be concluded that the 
preference level panelists on samples of beef sausage 
with the addition of liquid smoke grade 2 to attribute 
a distinctive aroma of beef sausage decreased with 
increasing days of storage. This decrease is due 
panelists began to refuse or do not like the sausage 
products sapi.penurunan significant happened on the 
4th day of storage.
 
Figure 20. Graph Odor On Beef Sausages 
with addition of Liquid Smoke Grade 1 During 
Storage 
Figure 20 above it can be concluded that the 
preference level panelists on samples of beef sausage 
with the addition of liquid smoke grade 1 to attribute 
a distinctive aroma of beef sausage decreased with 
increasing days of storage. This decrease is due 
panelists began to refuse or do not like the sausage 
products significant happened on the 4th day of 
storage. 
 
3. Attribute texture (mucus) of beef sausage 
Texture is the quality properties related to 
softness and hardness of materials, and it is also one 
consumer considerations in assessing the quality of 
these materials, so that consumers conclude whether 
to accept it or not. Texture value of a product is 
affected by changes in water content, pH, and the 
level of total microbial decay during storage. Due to 
changes in these values even lead to decay. Test the 
texture is one way of testing to determine the effect 
of temperature and length of storage time on the 
texture of beef sausage. The texture and consistency 
of the material will affect the taste of a substance. 
Material texture changes can alter the taste and smell 
that arises, as it can affect the speed of emergence of 
a sense of the receptor cells alfaktori and salivary 
glands, the more viscous a material receipt to the 
intensity of the taste, smell and taste the wane. 
The hedonic quality tests using a scale of 1 
to 6, where the greater scale of the assessment panel 
of the texture attributes (mucus) in beef sausages 
means the preferred (not slimy) by the panelists. The 
results of the average value of the hedonic quality 
test with 30 panelists can be seen in Table 24. 
Table 14. Average Texture Appearance Test in Beef 
Sausage during Storage 
 
Based on the average value of the above can 
be graphed in which a decline in quality according to 
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panelists at each temperature and sausages.
 
Figure 21. Graph Texture on Beef Sausage Control 
During Storage 
Figure 21 above it can be concluded that the 
preference level panelists on samples of beef sausage 
control over the texture attributes (mucus) in beef 
sausage decreased with increasing days of storage. 
This decrease is due panelists began to refuse or do 
not like the sausage products significant happened 
on the 4th day of storage, this means that at 4th the 
started slimy. 
 
 
Figure 22. Graph Colors on Beef Sausages with 
addition of Liquid Smoke Grade 2 During Storage 
Figure 22 above it can be concluded that the 
preference level panelists on samples of beef sausage 
with the addition of liquid smoke grade 2 to the 
texture attributes (mucus) in beef sausage decreased 
with increasing days of storage. This decrease is due 
panelists began to refuse or do not like the sausage 
products sapi.penurunan significant happened on the 
4th day of storage, this means that at the 4th storage 
of beef sausage controls already started slimy
 
Figure 23. Graph Colors on Beef Sausages with 
addition of Liquid Smoke Grade 1 During Storage 
 Figure 23 above it can be concluded that 
the preference level panelists on samples of beef 
sausage with the addition of liquid smoke grade 1 to 
attribute the texture (mucus) in beef sausage 
decreased with increasing days of storage. This 
decrease is due panelists began to refuse or do not 
like the sausage products sapi.penurunan significant 
happened on the 4th day of storage, this means that 
at the 4th storage of beef sausage controls already 
started slimy 
3.2.4 Chemical Analysis of Beer Sausage 
1. Protein Analysis 
Analysis of protein used using the Kjeldahl method, 
based on the results of the analysis of the protein 
content of the sample control beef sausage, beef 
sausage with the addition of liquid smoke grade 1 
and grade 2 obtained the following results Table 15. 
Table 15. Protein Analysis on Beef Sausage
 
According to SNI (01-3820-1995) beef 
sausage has a protein content of 13% min. Meat is a 
source of protein that acts as an emulsifier in the 
sausage. The main protein that acts as an emulsifier 
is myosin are soluble in saline solution. The 
emulsion is a two-phase system consisting of a liquid 
dispersion or a compound that can not be mixed, one 
dispersed in the other. Fluid shaped small globules 
called dispersion phase or a discontinuous phase and 
a dispersed liquid globules is called the continuous 
phase. Protein-protein meat dissolved acts as an 
emulsifier with wrapping or envelop all the surface 
of the particles are dispersed (Soeparno,1994)
 
Figure 10. System 3 Phase In Emulsion Sausage 
Emulsion stability meat carried by the water-soluble 
proteins are sarcoplasmic proteins like mioglobulin 
and other pigments, and are soluble in saline solution 
which miofiblilar protein such as myosin, actin, 
actinin, α-actinin, β-actinin. These proteins act as a 
natural emulsifier. In the meat product emulsion, the 
emulsion also stabilized by solid particles are added 
to the treatment process. 
 
2. Fat analysis 
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Table 16. Results of Fat Analysis of Sausage 
 
Fat can affect the stability of the emulsion. 
Fat produces phase dispersion (diskontinue) of meat 
emulsion so that the fat is the main structural 
component. Fats containing saturated fatty acids 
more easily emulsified than unsaturated fatty acids. 
The use of liquid fats (oils) in processed meat 
products can produce meat emulsions which are 
more stable than solid oil. Cook sausage should 
contain a maximum of 30% fat 
(Apandi, 1993). 
The formation of the sausage dough is usually 
added vegetable fats are good fats and animal fats, as 
well as to the stability of the sausage, the addition of 
fat in the manufacture of sausages also to obtain 
sausage products are compact, soft texture, and 
flavor and aroma better. Total fat gain for the 
manufacture of sausages ranging between 5-25%. 
Extra fat too 
little will produce sausages were hard and 
dry, whereas if too much will produce sausages are 
soft and wrinkled. According to the Meat Inspection 
Division and the USDA, the fat content in the 
sausages cooking does not exceed 30%. 
In addition, fat is needed to give a good flavor 
and savory. During grinding the meat, the fat 
particles will be out of the network and will be 
dispersed in water that contained meat. The 
formation of the fat dispersion in water to form an 
emulsion system in bacon or sausage. The amount of 
fat added in addition to emulsify also affect the 
increase in the amount of fat contained in sausage 
(Anjarsari, 2010). 
3. Analysis of Carbohydrates 
Table 17. Results of Fat Analysis Carbohydrates on 
Beef Sausage
 
Carbohydrates contained in beef sausage 
products according to ISO (01-3820-1995) is a 
maximum of 8%. Carbohydrates contained in beef 
sausage products function as fillers or binders. 
Binder intended to absorb and hold water in the 
emulsion during processing (Apandi, 1993). 
3. Analysis of Water Content 
Table 18. Results of Analysis Water Content 
 Beef sausage is one of the processed meat 
product according SNI (01-3820-1995) has a 
maximum water content of 67%. Water affects the 
texture of foodstuffs. So the water was very 
instrumental in maintaining the quality of foodstuffs, 
because water is a liquid substance that enables the 
reaction-reaksi.Kandungan water in food affect the 
consistency of the quality and durability of 
foodstuffs. The water content affects the properties 
of the physical and chemical properties of the 
product and damage to the product by 
microorganisms and other enzymatic breakdown. 
IV CONCLUSIONS AND 
RECOMMENDATIONS 
4.1 Conclutions 
Based on the results of the application of 
liquid smoke coconut shell on the shelf life of beef 
sausage can be concluded that: 
1. The use of liquid smoke coconut shell 
grade 1 and grade 2 on beef sausage products affect 
the shelf life of beef sausage products 
2. The results showed that the shelf life is 
based on water content of beef sausage with the 
liquid smoke longest grade 1 is at a temperature of 
200C for 2.7 days while the second grade of 3.08 
days, the shelf life based on the total number of 
microbes on beef sausages with liquid smoke grade 
1 at the latest temperature of 200C for 3.09 days and 
3.12 days for grade 2 
3. The use of liquid smoke coconut shell 
more grade 2 can extend the shelf life of beef sausage 
2.4 hours longer than with the use of liquid smoke 
coconut shell grade 1 
4.2 Recommendations 
1. The use of liquid smoke on beef sausage 
products preferably using liquid smoke 
concentration is different in each treatment 
2. The use of liquid smoke on beef sausage 
products should not be necessary dilution 
3. It is necessary to analyze the raw materials first in 
order sausage products produced can be in 
accordance with SNI 
4. Need to do research based on other parameters of 
the shelf life of beef sausage with the addition of 
liquid smoke 
5. The liquid smoke used in the study itself should 
be made in order to avoid errors and the data 
obtained more feasible 
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